Background

Complex paediatric pain
The assessment and management of children and young people with complex pain can be challenging. The complexity may refer to the patient, the pain, or both. Patients with illnesses such as cancer, or metabolic or connective tissue disease, experience pain both from the primary disease process itself and from its treatment. Patients with complex neurodevelopmental needs also present a unique set of challenges, in the assessment of both their pain and their response to treatment.
Although the incidences and precise pain presentations may differ from those of adults, children and young people are biologically capable of experiencing chronic and recurrent pain of similar magnitude. A systematic review of population-based studies estimated that between 11% and 38% of children and young people in experience chronic or recurrent pain. 1 Children and young people are also at risk of developing persistent pain after surgery. 2 Recent data from a national inpatient registry in the USA, which excluded patients with an organic illness known to cause recurrent pain, showed an 831% increase in the number of paediatric patients with chronic pain diagnoses between 2004 and 2010. 3 As with many other conditions, this apparent increase in incidence may simply reflect increased awareness leading to improved detection. Such patients may be complex and frequently have co-morbid secondary complaints, most commonly gastrointestinal (65%) and mood disturbances (44%), and a length of stay approximately 1.5 times that predicted by severity of illness scores. 3 Where the level of reported pain cannot readily be explained, i.e. is not proportional to identifiable tissue injury or inflammation, the default approach has often been to assume a psychological explanation with a secondary gain, e.g. school avoidance. While this may indeed be true in some cases, current evidence suggests that most of these children and young people are compliant with the prescribed treatment 3 and are endeavouring to maintain normal function despite significant levels of pain.
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Pain models
Biopsychosocial: threat-attention-response
Pain exists to elicit a response. Its intended function is to change behaviour in response to a threat to the integrity of an
Key points
• Pain as a biopsychosocial phenomenon may be summarized as 'threat-attention-response'.
• Complex pain requires a multidimensional assessment of function in multiple domains.
• Developmentally appropriate assessment tools should be used.
• The impact of pain upon sleep, mood, school attendance, and social function should be assessed.
• Examination should screen for underlying conditions and assess changes in sensory and motor function associated with the pain. organism, a threat that may be either internal or external in origin. The ability to feel pain is universal, and a congenital insensitivity to pain is associated with significant morbidity and a shortened lifespan, as threats to the organism are ignored. The 'psychology of pain' is that of a normal psychological response to a disruptive signal that demands attention. 4 The afferent signal may be either attenuated or amplified by experiences and inherent beliefs, which in turn are determined by parental and social responses to reported pain and pain behaviours. Analogous to the three-order neuron pathway of nociception, the biopsychosocial experience of pain may be condensed to a three-tier hierarchy of threat-attention-response (Fig. 1) . Just as central sensitization is now known to occur early in diverse pain aetiologies and modify later responses, the social response to pain is also a potent modifier, early in pain and early in life.
From gate control to social communication 
Pain assessment
Active listening
A pain history is also a tale of hurt. It is imperative that adequate time is allotted to allow children and their carers to tell that story. An initial consultation in most multidisciplinary paediatric chronic pain clinics will take up to 90 mins and allowing adequate time is included in the Core Standards for Pain Management Services in the UK. 6 Conducting an interaction with a conciliatory tone, where patients and their carers feel that their story is being heard, establishes rapport and trust. This also means that, of the time spent with them, less time is spent debating the validity of their current and prior pain experiences, and more time is available to collectively find a way forward towards managing their current and future pain. There are additional resources available for continuing professional development (CPD) in active listening 7 and motivational interviewing, 8 which are integral components of a constructive consultation that can seamlessly transition to therapeutic intervention.
Structured narrative
At the outset, it is worthwhile to frame the line of questioning that the assessment will take and reassure patients and their carers that the objective is a multidimensional assessment, as they may become defensive and reticent if the connection between pain and function is not explained: 'Pain can affect every part of our lives, how we sleep, how we feel, and how we get on with others, so you will be asked questions about those areas of your life as well as questions about the pain itself'. This may be
followed by an open-ended enquiry: 'Tell me about your pain'. However, this very often elicits a response that focuses on the immediate past, typically the previous week. One way of establishing order from what may be a dense symptom complex is to detail events in a chronological sequence from the initial onset of pain.
Fig 1
Pain is a biopsychosocial phenomenon that can be condensed to a three-tier hierarchy of threat-attention-response. Pain exists to determine the level of threat to an organism, which is subject to endogenous modulation based on prior experiences. The attention that is given to this signal determines how disruptive it will be. In the 21st century, the ideal response to pain behaviour is the timely provision of analgesia and management based upon biopsychosocial principles.
Striking a balance between relying on the patient vs their carer or guardian as the primary historian can require careful navigation. Parents and guardians are not always accurate or reliable in estimating pain intensity and may sometimes list the outcomes of consultations, diagnostic tests, and interventions. While this is valuable information, if a child, and particularly an adolescent, feels excluded, then subsequent engagement with a management plan may be compromised. One option is to first ask the child or young person to provide a broad overlay or trajectory of their pain over time and then ask their carer to add further detail.
Where there are multiple anatomical sites, start with the most bothersome, or the 'No. 1' pain. This pain can be profiled in the most detail using the OPQRST mnemonic (Onset, Provocation or Palliation, Quality, Region, Severity, Time). The remaining pains may be listed briefly by site, intensity, and quality until all pains have been covered.
Assessment: Shape of pain
Complex pain requires a multidimensional assessment beyond simply measuring pain intensity and that includes an assessment of sleep, mood, and physical and social functioning. There is no one assessment tool that has been tested and validated to assess each of these domains in children of all ages and stages of cognitive development, so it is frequently necessary to use a combination of measures that complement each other. For more detailed reviews on assessment tools, the Pediatric Initiative on Methods, Measurement, and Pain Assessment in Clinical Trials (Ped-IMMPACT) has reviewed selfreport and observational measures. 9 
Pain intensity measures
In the hierarchy of methods for assessing pain intensity, selfreport remains the preferred option and is usually feasible in children older than 5 years. Children younger than 5 years may not conceptually understand a graded scale and may give answers at either extreme, 10 so an observational measure should be used in conjunction with self-report in this context. This approach may also be helpful in other contexts wherever there is discrepancy between parental or patient report and observed behaviour. For children with neurocognitive deficits or developmental delay, a small number of special pain management tools have been devised; examples include the Paediatric Pain Profile (PPP), 11 which is valid for children and young people aged 1-18 years, and the FLACC scale, one of the most widely used tools in clinical practice, has also been adapted (revised FLACC) 12 and validated for use with cognitively impaired children.
Temporal pattern
After identifying a developmentally appropriate tool for assessing pain intensity, the most useful next step is to profile and map the pain intensity over a typical day, from the moment of waking, through school or normal daily activities, to evening and night-time. At each change in pain intensity, note the precipitating and relieving factors and the children and young people's coping strategies, whether passive or active. This is helpful as a visual aid in identifying when the pain is an issue and tailoring a management plan towards that (Fig. 2) .
Beyond pain intensity
One of the most challenging concepts in the management of patients with complex pain, both for patients themselves and for clinicians who have migrated over from acute pain services, is that, unlike acute pain, a reduction in pain intensity is frequently only possible after an improvement in function has been achieved; that it is only once children and young people can do more activities at the same pain intensity that the pain itself lessens. It is an improvement in function that is the primary therapeutic end point. Over multiple consultations, patient and clinician recall may be imperfect, and qualitative descriptors of sleep or school attendance ('better', 'worse', or 'the same') may not capture either improvement or deterioration. For these reasons, the importance of quantifying the degree to which pain is interfering with quality of life and overall function cannot be overstated.
Neuropathic pain
In children, the incidence of neuropathic pain appears to increase with age and is relatively uncommon before the age of 6 years; however, the true incidence in preverbal children is unknown.
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Genetic mutations affecting sodium channel function, such as erythromelalgia and paroxysmal extreme pain disorder, are associated with episodic pain with specific triggers. Burning extremity pain may also be the presenting feature of Fabry disease, a lysosomal storage disorder. Neuropathic pain may also be a consequence of cancer treatment, most dramatically with the use of anti-GD2 monoclonal antibodies in neuroblastoma treatment, which induces an intense acute neuropathic pain state. Unlike adults, there are no validated screening tools to detect or diagnose neuropathic pain in children. However, if such pain is felt to be present on clinical suspicion, the Neuropathic Pain Scale may be used to monitor response to treatment in older children and the Pediatric Neuropathic Pain ScaleV C -Five (PNPSV C -5) used for children as young as 5 years. 14 
Therapeutics
It is invaluable to list previously attempted treatments for pain, even if discontinued or abandoned. This avoids duplication and identifies potential reasons for poor adherence with prescribed therapies, e.g. a preference for liquids instead of tablets. For each therapy already tried, it is helpful to ask the following:
• How effective was it: rate as a percentage or out of 10?
• Why did it fail: poor technique or adherence, side-effects, or lack of rapport with practitioner?
Function
Sleep quality
Poor sleep and pain have a bidirectional relationship and both exert a negative impact on long-term health. Poor sleep predicts pain intensity, and children and young people with persistent pain report high levels of sleep dysfunction. 15 A recent review of sleep problems in paediatric pain identified the use of two sleep questionnaires in research studies addressing this area: the Children's Sleep Habits Questionnaire in children aged 4-12 years and the Adolescent Sleep-Wake Scale in young people aged 12-18 years. Outside of a research context, one useful screening tool in paediatrics is to use the BEARS acronym: 16 Bedtime problems, Excessive sleepiness, Awakenings, Regularity of sleeping, and Sleep-disordered breathing.
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Mood
Of children and young people with chronic pain who required inpatient admission, co-morbid disturbances of mood were prevalent; anxiety (41%), depression (18%), and suicidal ideation and attempts (2.8%). 3 Mood may be assessed using validated quality-of-life questionnaires; e.g. both the PedsQL and Bath Adolescent Pain Questionnaire (BAPQ) contain questions on mood. Alternatively, disturbances of mood may be screened for with direct questioning:
• Do you worry about your pain? Why (the cause or that it's not getting better)? • Have you ever felt sad/angry/frustrated due to the pain?
• How do you express those feelings?
• Do you feel comfortable talking to your parents/friends about those feelings?
• Have you ever thought of hurting yourself as a way of dealing with this pain?
If the rapport is in doubt or there are considerable time constraints, such questioning may be better deferred to a later consultation or to an appropriately experienced colleague. Additional continuing professional development (CPD) and guidance on assessing mood and suicidal ideation in children and young people may be found at BMJ Best Practice 17 and in the National Institute of Clinical Excellence (NICE) Clinical Guideline 28. 18 
School and social
School attendance is generally used as the simplest and crudest barometer of physical and social functioning. Less than 80% attendance, which translates into missing one or more days per week due to pain, is generally accepted as a cut-off for referral to and management by a multidisciplinary paediatric pain service. This cut-off is based on consensus expert opinion rather than a specific body of evidence. Aside from school attendance, it is also pertinent to enquire about specific pain problems while at school, specifically:
• Physical activities: physical education or sports.
• Classroom: ergonomics of their chair and desk, remaining seated for long periods.
• School building: accessibility of lifts and stairs, avoidance of busy corridors.
The social impact of pain upon children and young people should not be underestimated. While an important domain to assess in its own right, it also offers an opportunity to introduce a more light-hearted and less clinical tone into the consultation. Enquiring about past times also helps anchor conversations about utilizing distraction techniques with more appealing examples. Simple questions on the social impact of pain include:
• What do you do for fun? What are your hobbies?
• Out of an imaginary 10 times, how many times does the pain interfere with, or stop, you doing things with friends or family?
Alternatively, the patient's responses to validated tools that also assess quality of life, such as the PedsQL or BAPQ, may be useful to screen for and discuss the ways in which their pain is impacting on school and social relationships. Complex pain in children and young people
Safeguarding and child protection
Adverse childhood events are associated with negative health outcomes into adulthood. We also know from the adult pain literature that at least 20% of women presenting with chronic abdominal and pelvic pain were sexually abused as children. 19 Sadly, abuse of children, whether sexual, emotional, or physical, is prevalent and must always be considered a possibility.
There is a NICE guideline on approaching suspected child abuse and recently an excellent review on the role of the anaesthetist in child protection. 20 In addition to abuse inflicted by others, adolescents may also indulge in high-risk behaviour of their own volition, which may also present a safeguarding concern. One screening approach for such psychosocial risks is the HEEADSSS Assessment Guide: Home, Education/Employment, Eating, Activities, Drugs, Sexuality, Suicide/Depression, Safety.
It is the authors' preference to embed as many of these questions as possible into other sections of the history, to maintain a natural flow with open-ended questions. For the more delicate questions, it is preferable to ask the parents to absent themselves, to encourage disclosure, preserve confidentiality, and reinforce that is the adolescent who is the patient.
Physical examination
Examination: musculoskeletal
The main aims of the musculoskeletal examination are to screen for underlying conditions that may contribute to ongoing pain and assess the limitation of function associated with pain. The pGALS (paediatric Gait, Arms, Legs and Spine) is a validated musculoskeletal screening tool for school-aged children 21 and is also available as a free web-based resource with instructional videos. In children, the relationship between benign hypermobility and joint pain appears to be subject to ethnic variation. 22 Additional features in conjunction with hypermobility should prompt consideration of a connective tissue disorder: long thin limbs and digits, high arched palate, and tall stature are suggestive of Marfan's syndrome, while unstable joints and easy bruising may suggest Ehlers-Danlos; both conditions require referral for cardiac screening.
Examination: sensory
Quantitative sensory testing (QST) can be performed in children and young people as young as 5 years old. Changes in pain thresholds have been demonstrated using QST in children and young people with juvenile idiopathic arthritis (JIA), 23 trisomy-21, 24 complex regional pain syndrome, 25 and cerebral palsy.
While QST employs specific and well-defined thermal, mechanical, and nociceptive stimuli, a full QST protocol requires experience and equipment that may not be readily available. For bedside testing, simply assessing qualitative differences between affected and unaffected body regions may be preferable. Avoid pinprick testing or anything that might cause pain at the first interaction. Instead limit testing to mapping of any areas of abnormal sensation using mechanical stimuli of cutaneous punctate pressure (using a blunt pin or wooden cocktail stick) and dynamic light touch (using cotton wool or the folded corner of a paper napkin). As there may be normal variations in sensation throughout the body, it may be necessary to test two different sites remote from the painful area to establish a baseline, e.g. in both cranial and spinal nerve territories. Explain what they can expect:
• 'Sometimes pain changes the way our nerves carry signals.' 
Formulation vs diagnosis
Although more commonly used in psychological medicine, the idea of a case formulation, which is a combination of synopsis, hypothesis, and management plan, is more appropriate to complex pain rather than a diagnosis, as it incorporates psychosocial factors that modify biological and pharmacological processes. One framework for a case formulation is:
• problem list • working hypothesis • treatment plan • predicted obstacles to treatment.
This also introduces the principle that this will be an iterative process of ongoing reassessment to assess the effectiveness of therapeutic interventions.
Conclusion
Children and young people may experience chronic and recurrent pain that can significantly impact on function. Unlike acute pain, it is an improvement in function than often precedes any reduction in pain intensity. Effective management in this setting begins with an unhurried assessment of pain and its impact on sleep, mood, physical function, and school. A detailed multidimensional assessment has therapeutic value in its own right and forms the cornerstone of subsequent multidisciplinary management by providing opportunities to prove pain education grounded in the child's own experience. To paraphrase process improvement, 'that which can be measured, can be understood'.
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